were carried out to determine the relationship between metabolic and histopathological changes in the gastrocnemius muscle of rats in which an acute exudative inflammation had been induced by alkyldimethylbenzylammonium chloride (alkyl-DBAC, a cationic surfactant). Succinate respiration, Na+-K+-Mg2+ ATPasc activity and ATP, ADP and AMP levels were determined as the index of metabolic changes. Myofascial edematous swelling with the acceleration of succinate oxidation and Na+-K+-Mg2+ ATPase activity was noted at 30 minutes in the inflamed muscle. The ATP level was also transiently reduced . On the other hand, Na+-K-"-Mg2+ ATPase activity and succinate oxidation were inhibited by alkyl-DBAC, at this concentration, in ritro. These results support the possibility that enhancement of energy metabolism is not directly initiated by alkyl-DBAC but may be the result of certain chemical medi ators released by alkyl-DBAC.
A number of different ionic types of surfactants cause inflammation on the skin (1, 2) and mucous membrane (3) , but the exact mechanism is not understood. In an attempt to investigate the inflammatory action of surfactants , we have pointed out the primary irritation on the skin (4) or mucoua (5) and the effects on active transport in frog skin (6) using a Ikyldimethylbenzylammonium chloride (alkyl-DBAC , a cationic surfactant), which can be considered a relatively potent compound when compared with other types of sur factants.
Studies have shown that an energy dependent process is involved in the following inflammatory responses: increase in vascular permeability (7 , 8) edema formation (9) , release of chemical mediators from mast cells (10, 11) , platelets (12, 13) and neutrophiles (14) , ADP induced platelet aggregation (15, 16) and phagocytosis of microphages (17, 18) .
Our preceeding papers dealt with the effects of surfactants, and herein the inflam matory responses induced by alkyl-DBAC are discussed.
MATERIALS AND METHODS
.11aterials
Dodecyl-DBAC with 99"'' purity in hydrocarbon chain (Kao Soap Co., Ltd., Tokyo), tris (hydroxymethyl) aminomethane, histidine dihydrochloride, MgC12, KCI, HCI, NaOH , ethanol, NaCI, sucrose, sodium succinate , CaCl2, HCIO4, KOH (Wako Pure Chemical Industries Ltd., Tokyo), ATP, histamine (Sigma Chemical Co., U.S.A.), the kits for deter urination of ATP, ADP and AMP (Boehringer Mannheim) were used. Twice-distilled water was used for all experiments.
Animals
Male Wistar rats, 5 to 6 weeks of age weighing 150 to 200 g, were separated into groups of six. Alkyl-DBAC dissolved in saline at 10-2M (0.1 ml) was given i.m. in one foot and 0.1 ml of saline which served as the control was injected into the other foot. Each group of animals was sacrificed on the following time schedule at 0.25, 0.5, 1, 3, 6 and 24 hr after the injection and the gastrocnemius muscles were quickly excised, weighed and used for the following experiments.
Histopatllological examination
The excised muscles were fixed in 10°" fornialin, and prepared paraffin sections were stained by hematoxylin and eosin.
02 eonsunlption of succinate dehYch•ogenase (SDH) 02 consumption of SDH was determined as an index of ATP synthesis according to the method described in our previous paper (4).
The quickly excised muscles were homogenized (10 weight/volume homogenate) in isotonic 0.01M Tris-HCI buffer solution (pH 7 .4) and centrifuged at 1,000 x g for 10 min
at 0°C. The obtained supernatant (1 ml) was pre-incubated for 10 min in the reaction chamber (Takashima Co., Ltd., Tokyo) at 38'C to remove the endogenous substrates.
The chamber was filled with the Tris-HC1 buffer solution , and the dissolved oxygen was determined using "Fieldlab oxygen analyzer" (Beckman Co ., Ltd.). After recording the spontaneous 0, consumption, 0.1 ml of 0.3 M sodium succinate dissolved in the Tris-HC1
buffer was added, and 02 uptake was again determined. The 02 consumption of SDH was calculated from the difference of O 2 uptake before and after the addition of sodium succinate, and succinate oxidation was expressed by ,' M O.,/mg protein/min. NaI-K+-A7g ' ATPase preparation and actiriti' determination Na+-K+-Mg2+ ATPase activity in sarcolemma was determined as an index of ATP expenditure.
Preparation of'sarcoknrnla fraction:
The method of Hotta and Usami (19) was used.
The excised muscles were homogenized in CaCl, aq. and filtered through cotton gauze.
After the centrifugation of the filtrate, the sediment was washed and incubation was carried out at 37'C for 30 min. The sediment was again washed, resuspended in NaOH aq. and then centrifuged. The precipitate, moreover, was washed with ATP aq. and the added ATP was completely removed. Suspension of the precipitate in water was used as the enzyme preparation of sarcolemma.
Measurement of Na+-K+-Mg'2+ ATPase activity: The sarcolemma fraction (0.2 ml) was added to the reaction mixture containing 100 mM NaCI , 10 mM KCI, 0.1 mM MgCI2, 2 mM ATP and 25 mM Tris-histidine (pH 7.2) to make up a 10 ml preparation and then incubated at 37'C for 30 min. The reaction was terminated by 2 ml of ice-cold 10% HCIO4
aq., and phosphorus and protein in 0.1 nil of the reaction mixture were determined by the method of Chen et al. (20) and Lowry et al. (21), respectively.
In the in vitro experiment, alkyl-DBAC was dissolved in the reaction mixture.
Measurement of ATP, ADP and AMP levels
The quickly excised muscle (500 mg) frozen in ethanol-dry ice solution was homogenized in 10 ml of ice-cold 0.9 N HC1O4 aq., left to stand at O 'C for 1.5 hr, and then centrifuged at 1,000 x g for 15 min. The supernatant was neutralized with 1.8 N KOH aq. and used for the determination of the ATP, ADP and AMP levels.
RESULTS

Histopathological fr'ndings
A slight myofascial edematous swelling was observed at 15 min (Fig. 1a) , an enhance ment was noted at 30 min ( the injection of alkyl-DBAC (Fig. I c) . In addition, at 3 hr, some changes were noted in the moderate interstitial edema, perivascular migration of inflammatory cells among muscle bundles, and myofibrinolysis mainly composed of vacuolar degeneration and disappearance of cross striation (Fig. l d) . Changes after 6 hr were fundamentally the same as those found at 3 hr, although such changes were more frequently observed in an advanced stage ( Fig. le and If) .
FIG. 2. Changes in succinate oxidation in the gastrocnemius muscle of rats where inflammation had been induced by alkyl-DBAC.
Alkyl-DBAC (0.1 ml of 10-2 M in saline) was injected into one gastrocnemius muscle and the contralateral gastro cnemius muscle injected with 0.1 ml of saline served as the control.
02 uptake was determined in the supernatant (1,000 g x 10 min) of muscle homogenate. Acceleration of succinate oxidation with two peaks at 30 min and 3 hr, respectively, was initiated at 30 min and continued for about 24 hr (Fig. 2) . The first and second peaks appeared to coincide with the appearance of edematous swelling and leukocyte migration, respectively.
Na+-K+-Mg2+ A TPase activity in sarcolemma Na+-K+-Mg2+ ATPase activity was enhanced 15 min to 24 hr after the injection of alkyl-DBAC and two peaks were also noted at 30 min and 3 hr (Fig. 3) . The direct effect of alkyl-DBAC on Na+-K+-Mg2+ ATPase was investigated in vitro.
Contrary to the experiment in vivo, Na+-K+-Mg2+ ATPase activity was depressed by alkyl-DBAC at the high concentration in vitro (Fig. 4) . A TP, ADP and AMP levels A transient fall in the ATP level was noted at 30 min, but the level was gradually re stored to the same or a somewhat higher level than that of the control froth I to 6 hr after the injection of alkyl-DBAC (Fig. 5) . The fall in the ATP level coincided with the ap pearance of edematous swelling concomitant with the first peak of SDH and Na+-K+-Mg" ATPase. The ADP level remained slightly lower than the control. The AMP level re trained unchanged (Fig. 6 ).
DISCUSSION
Appearance of myofascial edematous swelling and an increase in vascular permeability (4) was noted at 30 min after the injection of alkyl-DBAC and was accompanied by the enhancement of succinate oxidation and Na+-K+-Mg2+ ATPase activity despite the low ATP level. These results indicate that an energy metabolism is indeed enhanced in acute exu dative inflammation induced by alkyl-DBAC and the possibility that an energy dependent process may be involved in the onset of edematous swelling and vascular permeability in crease has to be considered. It seems likely that the metabolic change is not derived from leukocytes but from muscle fibers or vascular endothelium cells, since leukocyte migration
had not yet taken place. The activation of Na+-K+-Mg 2+ ATPase and succinate oxidation was apparently not directly initiated by alkyl-DBAC but rather by certain chemical medi ators released by alkyl-DBAC, as the activity of these enzymes was directly depressed by alkyl-DBAC in vitro. Histamine, serotonin and lysosomal enzymes etc. are released from the mast cells (22, 23) , platelets (24) and lysosomes (25) by the lytic action of surfactants on the membrane (26, 27) as demonstrated in the above-mentioned papers.
As the inflammation which continued after 1 hr was accompanied by leukocyte migra tion, a different process than that observed at 30 min may be involved. This enhancement of the energy metabolism noted after 1 hr may be required for the energy-dependent de granulation of mast cells (10, 11) and platelets (12, 13) and phagocytosis of microphages (17, 18) . If such is indeed the case, the released histamine, serotonin and lysosomal en zymes would provoke an edema and increase vascular permeability. The energy-dependent ADP-induced platelets aggregation, however, would not occur since the ADP level remained lower than the control. The second peak of energy metabolism appeared to coincide with the appearance of notable leukocyte migration at 3 hr. Consequently, this enhancement of energy metabolism may reflect the energy-dependent migration and phagocytosis of microphages.
